Abstract-Cirrus ice clouds formed normally in the upper troposphere and contrails, shed by aircraft, impact climate and global warming due to prevailing cirrus clouds ice water content and crystal size. Contrail cirrus impact on climate change also comprises their influence on water vapor in the higher troposphere layer, which alter the infrared heat emission. The effect of commercial flights to climate change is of serious concern to the environmental conservation and climate change mitigation efforts. Therefore, it is imperative that the physical characteristics of cirrus clouds, contrails and their interactions be understood to devise anthropogenic solutions.
I. INTRODUCTION
High flying aircrafts followed by trails of clouds, known as contrails could interact with the air at high altitudes to generate cirrus clouds [1] [2] . Cirrus clouds may have the potential to change the global temperature. With such environmental perspective the present work will present a proactive insight at contrails, cirrus clouds and their interactions. Cirrus clouds form in the higher atmosphere. Following well known classification, clouds in mid latitudes above about 6 km are defined as high clouds, a grouping that contains cirrus (Ci), cirrostratus (Cs), and cirrocumulus (Cc). Cirrus clouds are scattered world-wide and can be found at all latitudes and regardless to sea, land, or season [3] . These clouds experience changes incessantly in area coverage, position, texture and thickness. The most noticeable cirrus cloud characteristics are formed by weather disturbances in midlatitudes areas. In the tropics, cirrus clouds are connected with deep cumulus outpourings related to the convective movements over the oceans. It has been believed that the world-wide cirrus cover range from 20 to 25 %. Recent analysis using the satellite infrared channels at the 15 m CO2 band, however, has indicted that global cirrus cover is more than 70 % in the tropics.
Cirrus clouds reflect solar radiation and capture terrestrial infrared radiation. The radiative role of cirrus is significantly described by one microphysical properties, that is the ice water content (IWC). Ice water content (IWC) is related to particle lifetime and size, which are used to define the radiative properties of a cirrus cloud. The IWC of cirrus varies over at least six orders of magnitude (from 10 3 ppmv to 103 ppmv) and depends on, among others, the water vapor content of the air and its temperature.
The condensation trails which contain ice crystals produced by high flying aircrafts also contain soot particles as well as water vapor contained in the jet engine exhaust which interact with the trailing vortices shed by the wing tips of the aircraft. These are generated following the aircraft flying in cold air where water droplets can condense on the soot, and along with the sulfuric acid particles released by the aircraft and other background particles can then freeze into ice particles.
As a result, contrails may increase the extent of the natural cirrus cover in the surrounding areas where the relative humidity is too low for nucleation of ice crystals to occur spontaneously. Their indirect effect still has to be quantified. Nonetheless, it is believed that contrails contribute to a net warming effect. Contrail cirrus climatic effect also includes their effect on the water vapor in the upper tropospheric layer, which in turn affect the infrared thermal radiation exchange. It was believed that 0.1% of the Earth's surface is covered with cirrus clouds on an annually averaged basis. These values are much higher in local regions. Thus contrails are not distributed uniformly around the Earth. Contrails are denser over parts of the United States and Europe, where the climatic local warming can reach up to 0.7 watts per square meter, or about 35 times the world-wide average [1] [2] . Future air traffic contrail productions have been projected to contribute significantly to climate change and will be a serious threat to the global socio-ecological systems. Commercial flights impacts climate, through the greenhouse gases emission and cloud effects. While the former impact is similar to other activities that contribute to anthropogenic climate change, the latter is only contributed by commercial flights. Hence commercial flights add to the overall anthropogenic radiative forcing, a measure of the changes in the earth's radiation balance, by the release of greenhouse gases and aerosols, and also by the generation of contrails, thus affecting the radiative forcing on the Earth.
One important factor that affects the commercial flights economic and ecological interest is aircraft fuel consumption. Creative aircraft designs have progressed impressively within the last six decades. The well-known swept-winged aircraft with a light alloy structure that has been used by millions of passengers globally has progressed for some sixty years and continuously developed with higher and higher lift-to-drag ratio (L/D). Increasing L/D is very effective means in lowering the fuel consumption; however, the potential of such technique will be limited in the future if the corresponding boundary layers stay fully turbulent [4] . Other methods of increasing L/D are increasing the wing span, reducing drag due to vortices and the reduction of the profile drag. The indicator of the degree to which the span-wise lift distributions over the wing differ from the ideal theoretical value is the vortex drag. The utilization of the natural, hybrid or full-laminar flow control is also potential in the profile drag reduction.
With such background, the present paper objective is to elaborate and discuss the initiatives associated with the contribution of contrails to climate change and anthropogenic creativity for its alleviation.
II. CHALLENGE: CIRRUS CLOUDS AND CLIMATE
Cirrus clouds naturally form in the upper troposphere where temperatures drop below -20 to -30 o C. Because of their high altitude in the atmosphere, measurement of the structure and composition of cirrus directly is difficult and requires highflying observation platforms. The progress and development of several airborne instruments to measure cirrus clouds particle distribution and size permit comprehensive information on the cirrus clouds composition. These instruments utilize imaging laser beam optical probes, high resolution microphotographs, and replicators for cloud particles preservation.
The impact of cirrus cloud on climate and greenhouse warming is associated with ice water content (ICW) and the variation of crystal size in these clouds. Based on information obtained from high flying platforms observations, it is suggested that there is a clear relationship between temperature, ice water content (ICW) and the size of the ice crystals. An increase in temperature leads to an increase in ice water content (ICW). At colder temperatures, ice crystals are smaller. The converse prevails. The effect of these microphysical relationships for climate change is significant [5] [6]. Contrails only prevail at very high altitudes (normally above 8 km, as depicted in Fig. 1 ) where the air temperature is extremely low (less than 40° C). In very humid air, persistent contrails exist right behind the airplane and can persist long after their creation. At high altitudes where usually the winds are very strong, contrails will be scattered away from where they were created. These unrelenting contrails could influence the climate.
Contrail creation can be averted only by flying in rightfully warm and dry air. Contrail cirrus creation can be lessened by flying away from ice-supersaturated regions of the atmosphere, like flying at the lower-most stratosphere. Up to now, commercial aircraft fly at 8 to 13 km altitudes. Such air traffic emissions can modify the atmospheric composition. Directly due to carbon dioxide (CO2), nitrogen oxides (NOx = NO + NO2), water vapor, hydrocarbons, soot, and sulfate particles by emissions. Indirectly chemical chain reactions similar to the formation of smog, which could produce the greenhouse gas ozone (O3). Nitrogen oxides act as a catalyst in this chain of reactions due to the influence of sunlight,. Contrail cirrus has recently been detected by employing satellite infrared imagery. To obtain time series for evaluation purposes long-term observations are essential. From contrail cirrus radiative forcing analysis, it can be deduced that the degree and extent of net warming or cooling would depend on the cloud optical depth, the ice crystal sizes and shapes that occur within them. From future air traffic projection, the direct climatic effect of contrails is shown could be on the same order as some tropospheric aerosols. The most important contrail effect on climate would be through their indirect effect on the appearance of cirrus cloud; this requires further observations as well as theoretical modeling studies. By inspection, Fig.2 exhibits the close relationship between aviation emissions and aviation flight routes, particularly in the tropopauze which worsens global warming and prompted systematic efforts by aircraft industries, airline operators and aviation authorities to find acceptable and sustainable solutions (Lee et al [7] , [8] , Eyers et al [9] ).
III. IDENTIFYING AIRCRAFT CONTRIBUTIONS TO CONTRAIL AND CLIMATE CHANGE
The rapid increase in commercial flights over the coming few decades will produce increasing fuel utilization by airlines. Nevertheless, the aviation sector only comprises an estimated 2.5% of the worldwide energy consumption [10] . For a N+2 (2020 time frame) generation aircraft (300 passengers and 7500 nm range) flying at cruise Mach of0.85, fuel saving of 40% relative to the baseline Boeing B777-200ER aircraft powered by General Electric GE90 engine can be obtained by combined hybrid wing-body configuration (using all composite fuselage), advanced airframe and engine technologies, engines with Boundary Layer Ingestion (BLI) inlets and laminar flow. The fuel consumption at Mach 0.85 for 300 passengers for the baseline aircraft and a 7500nm mission range is projected to be 237,000 lbs. The N+2 generation aircraft is projected to require 141,100lbs of fuel. Additional savings of 10% in fuel consumption can be attained by operational improvements.
So far, world-wide aviation contributed to Radiative Forcing about 0.05 W/m2, which is about 3 % of the total (about 1.6 W/m2) radiative forcing from all anthropogenic effects. The largest uncertainty to changes in cirrus clouds is contributed by airlines. Including uncertainties known to date, the aviation contribution is approximately within the range of 2 to 8 %. Up to now, global aviation is attributable to the observed global warming of 0.7°C that is around 0.02-0.03 ° C (ca. 3-4 %). Fig. 3 (Lee et al [2] ) is an example of anthropogenic contribution of greenhouse gases (GHG) which constitutes Radiative Forcing in the atmosphere; the aviation contribution is identified with + sign on the right hand side of the Fig. 3 . Global aviation is partially responsible to climate change by emissions of carbon dioxide (CO2), nitrogen oxides (NOx), water vapor, particles, contrails and cirrus changes. Carbon dioxide is the most vital greenhouse gas. Its effect does not depend on the altitude at which the emission occurs. Airlines have resulted in climate change carbon efficiency betterment with a 1.5% average annual improvement in fuel efficiency to 2020 and emissions stabilization with carbonneutral growth from 2020, as well as lowering emissions with a 50% absolute cut by 2050 compared to 2005 (Szodruch and Schumann [12] ). It is estimated that such scenario necessitates more than 50% biofuel utilization. Fig. 5 indicates the efforts that have been carried out by aircraft industries, airline operators and aviation authorities in their commitments to such goal.
Agarwal [10] stipulated that the expected threefold increase in air travel in next twenty years poses a great challenge to decision makers, airline operators, airport system planners and developers, aircraft industries, and consumers alike to take measures addressing the urgent issues of the sustainability of global energy and environment. Additional achievements by developments in airframe and engine design in fuel efficiency require time.
Recent studies show that the radiative forcing due to contrails is potentially higher than air-traffic pollutants [14, 15, 16] . Accordingly, contrail prevention draws increasing interest from the aviation community. These comprise the optimization of aircraft contrail avoidance, the application of remotely induced heat to alleviate contrail formation, and a new engine concept exhibiting the potential for all emissions reduction simultaneously. Aircraft technology contributes to the optimization and adaptation of existing schemes to produce more environmentally compatible air transport, whereas the latter two approaches are technology breakthrough published as patents. The development of contrails can be differentiated into three distinct stages (Gierens et al, [16] ); these are the jet, the vortex, and the dispersion phases. Contrail ice particles in the jet phase prevail in the exhaust and their motion is governed by the jet. A few instant later, the jet velocity is reduced, and the vortex wake shed off by the wing entrains the exhaust gases and particles. In this vortex stage, the vortices descend and combine with the majority of the contrails. Some exhaust and contrail particles move away from this primary wake due to buoyancy effect, developing into the secondary wake forming a vertical curtain. As the primary wake goes down, the vortex system gradually break and disperse due to vortex interactions. Once vortex system subsided, the contrail undergoes the dispersion phase. First, the contrail is spread out by the remaining vortex system energy. Buoyancy of the hot jet exhaust causes vertical oscillations. When these motions subside, the atmospheric turbulence causes the contrail out.
Other factors such as sedimentation of large ice particles and radiative heating or cooling can scatter the contrail further. Schumann [14] has presented a new model to simulate and predict the properties of a large collection of contrails which are dependent on given air traffic and meteorology. Fig. 6 depicts contrail formation flight paths (cyan) for global traffic between 03:00-06:00 UTC 6 June 2006, while Fig. 7 exhibits the optical depth of contrail cover and cirrus and contrails traffic and time shown in Fig. 6 . 
IV. CONTRAIL FORMATION, PHYSICS OF YOUNG CONTRAILS AND TECHNICAL MITIGATION OPTIONS
The creation of contrails is almost exclusively established by thermodynamics principles and the atmospheric conditions whereby engine emissions are discharged. The theory of contrail formation, known as the Schmidt-Appleman criterion (Gierens et al [15] [16]), can be articulated by a simple equation involving specific fuel energy content, specific emission of water vapour, the overall propulsion efficiency and atmospheric temperature and pressure. The Schmidt-Appleman criterion implies that a contrail develops during the process of plume expansion, when the combination of ambient air and exhaust gases slowly reach liquid water saturation.
This also proves that the governing factor for the formation of contrail is thermodynamics, not the physico-chemistry of the particles emitted. The Schmidt-Appleman theory has been derived by Schumann [14] . Persistent contrails can evolve into contrail cirrus as they reach an ice supersaturated state in their trajectory. Else, the contrail will only endure for up to a few minutes, Figure (8) . 
V. SOME SOLUTIONS: CONTRAILS AND CIRRUS CLOUD AVOIDANCE TECHNIQUES AND TECHNOLOGIES
Operational mitigation alternative to alleviate contrail formation is flight altitudes options (Gierens, [15] [16] ).
Comparison of results of contrail climatology for 1992 aviation to hypothetical cases showed that mid-latitude contrails are avoided by flying higher since the stratospheric layer is dryer. However, contrails formation suppression in the tropics requires flying at lower altitudes due to the fact that it is too warm for contrail formation. Therefore, one option for contrail alleviation in the mid-latitudes is to fly slightly higher in the extra-tropical lowermost stratosphere which is generally too dry for contrail to persist. The implications of such a strategy, such as longer residence times of released species in the stratosphere and chemical influence to ozone, need to be analyzed for its benefits.
Flying at lower altitudes can also reduce contrail formation in the mid-latitudes. Severe constraints on the highest permitted flight level should be enforced to achieve a beneficial effect (for example, maximum flight level of 10000 ft, about 3000 m, in winter). Such severe air space limitations generally necessitate unfavorable effects for total fuel consumption, since aircraft have to operate at non-optimal heights with higher atmospheric drag, and flight duration. Moreover, the number of conflicts would increase, such as aircraft coming too close to each other, leading to a significant increase in the work load of air traffic controllers. Flying lower also imp turbulent air which results in unfavorable p and significant increase of aircraft structures more tolerant constraints that incorpo atmospheric situations should be consider undesirable consequences of hard flight level
The quantification of the impacts fundamental for the assessment of consequences. To identify and compare pollu on a global scale down to individuals, metr metric can either specify the effect th environment or the amount of pollutants atmosphere. The impact of pollutants on the be classified into several levels, which particles emissions, radiative forcing and c well as societal and impact on ecosystem ( global radiative forcing of contrails can be d with contrail formation and contrail radiativ principles governing contrail formation or ra can be related to wake dynamics, contrail fo temporal and spatial distribution of aircraft the architecture of aircraft propulsion engin and temporal distribution of the aircraft flight Contrail alleviation strategies are direc engine and airframe technologies. Noppel [ approaches; these are heat remotely induce cause contrail ice particle evaporation or a from nucleating, and sonication to modify avoid water condensation on particles.
These methods to avoid contrails may be to the existing aircraft. Fig. 9 depicts the co induced heat. The solid line indicates a mixi the formation of contrail. In the water phase the presence of water in the liquid state, cond should be averted, and in Fig. 9 it is indica curved line.
A common feature of the identified sho contrail avoidance strategies is the associated and hence increases in CO2 emissions. Figu estimates of fuel burn penalty for several av as calculated by Noppel [17] . According changing aircraft cruise altitude during f exhibits an effective and viable method for c In addition, it is accompanied by a fuel burn 1% and can be applied to current aircraft tec burn penalty could be further reduced b technologies such as variable geometry airfoi lift to drag ratio depending on the altitude.
Noppel [17] introduces engine modificatio Fig. 11 ; the flow schematic of Noppel's nov is shown in (a). The main differences compar intercooled and recuperated cycle are that intercooled recuperated cycle has bypass air while in the new concept (b) the bypass a condensation subsystem and the intercooler work with core air on both sides. iated with contrail avoidance [17] .
rcooled recuperated engine cycle (b) removed from the exhaust. An cycle in the new concept is at end, the flow exiting from the y an additional heat exchanger.
Y SOLUTIONS TO ALLEVIATE POGENIC CLIMATE CHANGE olutions for 2050 time frame in s incorporate Green Aircraft nd Drela [19] reports on the al design of two advanced civil +3) time period, as well as trade t performance (fuel burn, field and emissions incorporating 2 exhibits two aircrafts studied tions. Two other aircrafts, one developed by the Royal Aeronautical Society and one jointly by MIT and Cambridge University are shown in Fig. 13 . The capabilities of the two aircrafts shown in Fig. 12 are tabulated in Tables I and II, showing the NASA Aircraft Performance metrics, the baseline aircraft, the N+3 goals and the calculated performance. The items written in italics in the fourth column imply whether the N+3 goals were met or exceeded. The D8 Series (double-bubble) is seen to achieve three of the NASA N+3 metrics and nearly achieves the fourth (noise.) The H3 (hybrid wing body) meets only one of the goals (emissions), although gains towards the other three aggressive goals are also indicated. VII. CONCLUDING REMARKS
The goal for multifold increase in air travel in next twenty years poses significant challenge to aircraft industries, airlines, airport system planners and developers, policy makers and consumers to deal with the imposing issues of energy and environmental sustainability. Various anthropogenic endeavour has been elaborated to emphasize how and the extent aviation or aircraft technology contribute to the emission of greenhouse gases and cloud effects, and to discuss ways and measures to control these for environmental sustainability. Largest uncertainty and possibly largest contribution lies on contrail cirrus. This particular subject needs higher attention from researchers, authorities and aircraft industries to appropriately act in response to Green Aircraft challenge for Climate Change Creativity for Cirrus Clouds and Contrails Control.
